Atmospheric particulate matter presents risk to human health and contributes to mortality and 10 morbidity. Improvement of air quality requires understanding the nature of pollution sources. In 11 this study, the chemistry and sources of fine particulate matter in airsheds over urban and rural 12 sites in Iowa were quantitatively evaluated with source apportionment modeling. Significant 13 enhancements in diesel and gasoline vehicular and industrial sources were found in urban areas, 14 while biomass burning was enhanced in rural areas. Particulate matter from secondary sources 15 was consistent in concentration across the urban-rural continuum, leading to the conclusion that 16 they are controlled by regional atmospheric processes rather than local sources. Efforts to 17 improve air quality will require targeting different primary sources in urban and rural areas. emissions. This study presents the first source apportionment results from the state of Iowa and is 36 broadly applicable to understanding the differences in anthropogenic and natural sources in the 37 urban-rural continuum of particle air pollution.
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Environmental Science Particulate mass has historically been the metric for regulation, because its relationship to 58 health effects is well documented. However, the majority of the particle mass is comprised of 59 low-toxicity minerals derived from soil dust and inorganic salts like ammonium sulfate, 60 ammonium nitrate, and sodium chloride. 7 Transition metals that have low atmospheric 61 abundance, but are capable of redox cycling, contribute significantly to adverse health effects.
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Thus, the chemical composition of PM is expected to be an important determinant in its health 63 outcomes. were not considered. Data were processed following the recommendations of Polissar et al. 36 .
172
The uncertainty input to the model was the sum of the measurement uncertainty and one-third of uncertainty of the data were increased by three times. If the signal to noise ratio was less than 178 0.2, the data were not considered.
179
The "base run" was executed with different factor solutions to find the global minima 
Source identification and factor profiles 272
With the expectation of differences across urban and rural areas, the PMF model was run 273 separately for each study site. Base model results, with lowest Q value, are summarized in Table   274 2 and were obtained for a 9-factor solution for Cedar Rapids, an 8-factor solution at Des Moines, shows the log-transformed PM 2.5 mass fraction of each species, whereas the right axis shows the 278 percent of species attributed to that factor. The factor contributions to ambient PM 2.5 across urban 279 and rural sites are shown in Table 2 .
280
The PMF model resolved factors that were common to all five sites: secondary sulfate, The biomass burning factor was characterized by higher OC to EC ratio and K (Fig.   314 4c). [51] [52] [53] This factor showed no discernable seasonal variations or point source impacts (Fig. 5c) . PM 2.5 were slightly enhanced in rural locations (by a factor of 1.05) relative to urban sites.
323
The industrial emission factor is characterized by trace elements including Mn, Cr and 324 EC1-OP along with Cu, Zn, Pb, Cl, As, Ni, and V (Fig. 4d) . 23 Industrial contributions were not 325 affected by season (Fig. 5d) . The industrial emission accounted for 0.4-5% of PM 2.5 at urban 326 sites, but was not resolved at rural sites. While industrial sources have impacts locally, they are 327 observed not to have far-reaching consequences on air quality that lead to background levels of 328 trace elements at the rural sites.
329
The gasoline engine factor was characterized by higher concentrations of OC and EC1
330
along with trace metal Zn (Fig. 4e) . No seasonal variation was observed for gasoline engine 331 factor (Fig. 5e) , consistent with observations in the Detroit, MI. 23 The diesel engine factor was 332 characterized by high concentrations of EC relative to OC. In addition, this factor had the 333 greatest contributions to select metals (including Pb, Ni, V) (Fig. 4f) . 30 However, the diesel 334 engine factor exhibited summertime maxima (Fig 5f) , which may be associated with vehicle- engine contributions to PM 2.5 (by a factor of 2.29) and gasoline vehicles (by a factor of 1.14),
344
which is significant due to the toxic and carcinogenic properties of vehicular emissions. 
356
The winter salt factor was characterized by maximum concentrations of Na or Cl ( Figure   357 4i) and maximum contributions in the wintertime (Figure 5i ), which coincides with the use salt to 358 deice roadways. This factor contributed to 2-3% of PM 2.5 at urban locations and 4-6% of PM 2.5 at 
